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If Pt of Z boson in lab is zero, Z direction  
of q-qbar in the CM is along the p and 
pbar axis 

If Pt of the Z boson is not zero, the Z direction of the CM of q-
qbar system is not known.  It can only be defined on average.  

Note: In addition to the q-qbar annihilation process, there is a 
q-Gluon Compton  process. 

+ 
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Collins Soper Frame:  CM of Z or W Bosons 

1.  Z axis splits the angle of the incoming P and Pbar beam. 

2.  X axis along the Pt direction of the Z or W Boson 

Angle of proton and antiproton 
direction with respsect to the  z 
axis  of Collins-Soper  

Pbar P 

Pbar P 

pt pz In lab frame: Z has Pt and Pz 

Collins-Soper Frame: CM of Z  or DY 
pair. We do  not know if the jet came 
from a parton in the proton or in the  
antiproton. So the  axis can be 
either along the , or the 
antiproton direction 

jet 
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QCD spin 1 gluons (or QED spin 1 photons)  

In q-qbar (Z boson) CM  

Angle of q-qbar Z axis with respect 
to Collins-Soper frame, there are 
two possibilities depending on 
where the gluon jet originated. We 
are in the CM of the q-qbar, but do 
not know  the correct Z axis 

Rotate from q-qbar 
CM to Collins 
Soper frame. Pbar P,q 

qbar 
gluon 

Pbar,qbar P 

q A0 

A2 

A4 
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qG 
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For spin 1 gluons QCD predictions: 
                  A0=A2 (Lam Tung relation) 
This holds for both annihilation and Compton diagrams 
(For spin 0 gluons  A0-A2 is large - about 2) 

Annihilation process QCD prediction  

Compton process, A0 and A2 are approximated by  

Therefore, a measurement of A0 and A2 
 (1) Tests the spin of the gluon,  
 (2)  Determines the relative contributions of the two processes 



8 

The sample, 140,000 Z’s (mass window 66 to 116) 

Require that both leptons have a track, and that both 
leptons are isolated. 

CDF has Central (C) and Plug (P)  calorimeters. Use 
CC, CP and PP events. 
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Born level generator 
plots  (no detector 
acceptance, no final 
state photons) 
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Example: Central-Central and Central-Plug leptons Z PT<10 

Central-Plug 
topology yields 
acceptance at 
large cos(θ) 

Example at low Ζ PT 
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Example: Central-Central and Central-Plug leptons Z PT>40 

Example at high Ζ 
PT.  Central Plug 
topology yields 
acceptance at large 
cos(θ). 

However, Lepton Et 
cut of  25 GeV --- 
limits acceptance at 
φ=0 
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Acceptance effects are important: Previous CDF analysis 
required lepton  Et> 25 GeV for each lepton. This lepton Et cut 
limits acceptance for high Pt Z bosons.   

Central-Central  Central –   Central  
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Agrees with Spin 1 gluons. 

Previous test of the gluon spin 
were done at PETRA 

First definitive test of the 
Lam Tung Relation. 
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First  definitive experimental test of the Lam Tung relation 
A0=A2,  as expected for spin 1 gluons. 

What about previous results in Drell-Yan experiments? 

 Previous fixed target tests of the Lam Tung relation at low Pt 
and low dilepton mass were inconclusive because of issues 
of non-perturbative effects at low Pt and low mass, some 
experiments were consistent with the Lam Tung relations 
and some were not. All had large errors. 
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qG 

A0 agrees with fixed order perturbation theory:  

FEWZ(NNLO), DYRAD, MADGRAPH, Pythia Z+1jet, POWHEG (expect at 
PT=0, negative A0 is unphysical) 

Consistent with RESBOS but disagree with Default Pythia (q-qbar only), 
or VBP. 
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Additional Comments about QCD Monte Carlos 

At high Pt: A0 and A2 show that there is a significant contribution 
from the Compton (qG)  process as expected from fixed 
order perturbation theory. 

Therefore, default standard Pythia, and VPB which only have 
the  q-qbar process do not agree with data)   

Powheg has both q-qbar and qG, so it works at high Pt,  but has 
unphysical (negative) prediction for A0 at  Pt=0  
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This result is over all y, so expect  0 
average because for  q-qbar 

Analysis for positive and 
negative y, in progress, 
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A4 is related to the Average Forward Backward Asymmetry 
In the Z region. It can be used for a precision measurement 
of the EW mixing angle.  This analysis is under way. 
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Gluon spin = 1 
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Ongoing Work 

1.  These CDF results are based on 2.1 fb-1 of e+e- sample 
(150K events) 

2.  We are currently looking at factor of 3 larger samples:  6 
fb-1  e+e sample,  and 6 fb-1 dimuon sample. 

3.  Working towards a precision measurement of EW mixing 
angle using A4 (=Afb) with larger data sample 

4.  CDF Analysis to be expanded to investigate A1 as a 
function of y. 

• We are also doing this analysis with current 35 pb-1 CMS 
data sample at LHC (Note: 1 fb-1 expected by Aug, 2011) 


